This study investigated the psychometrics of the SelfAssessment of Nursing Informatics Competencies Scale for nursing students in undergraduate (n = 131) and graduate (n = 171) programs. The scale had a valid fi ve-factor structure, accounting for 69.38% of the variance, high internal consistency reliabilities (0.96 for the total scale and 0.84 to 0.94 for subscales), and good responsiveness (standardized response mean = 0.99), as well as signifi cantly improved scores in nursing students with diverse demographic and educational backgrounds after taking an informatics course. Our factor structure was similar to the original scale, diff ering slightly in four items' loadings. This diff erence may refl ect current informatics practice or the greater diversity of our sample. Further research is needed on the factor, data/information management skills, and related item loadings. This scale could be used to assess informatics competencies and develop educational strategies that prepare nursing students as informatics-competent graduates in information technology-rich environments. [J Nurs Educ. 2013;52(5):275-282.] 
T he call for change in nursing education has been resonating since 1999 when the Institute of Medicine (IOM) focused attention on health care delivery, highlighting recommendations for dramatic restructuring of all health professionals' education (Gebbie, Rosenstock Kohn, Corrigan, & Donaldson, 2000) . Key among these recommendations is that health professionals should be educated to deliver patient-centered care as members of an interdisciplinary team, with emphasis on the application of best evidence into practice through quality improvement efforts based in a solid foundation of informatics knowledge and clinical application. More recently, the IOM and Robert Wood Johnson Foundation (2011) recommended that competency-based teaching should be the hallmark of professional education, again highlighting technology as an essential component of nursing education for optimal application to practice.
To ensure that all nurse graduates are competent in the fundamentals of informatics, particularly in an era of expanding electronic health care delivery, assessment of nursing informatics competency must be incorporated into the nursing curriculum. This assessment is needed so that informatics courses and courses that thread key requisites of informatics throughout the curricula can be refi ned as needed. As a fi rst step, nursing students' current level of informatics competencies must be accurately assessed (Jenkins, Wilson, & Ozbolt, 2007) .
However, standardized tools for evaluating informatics competencies of nursing students were lacking in the mid-2000s (Hart, 2008) . To respond to the increasing need for instruments to produce reliable and valid scores, the Self-Assessment of Nursing Informatics Competencies Scale (SANICS) was developed to assess informatics competencies in nursing students and practicing nurses (Yoon, Yen, & Bakken, 2009 ). The 30-item SANICS was based on published and locally developed competency statements (Staggers, Gassert, & Curran, 2001 , 2002 to ensure that graduates were prepared to use information technologies to promote safe and evidence-based nursing care.
The SANICS is a standardized instrument with wellestablished factorial validity, internal consistency reliability, and responsiveness, but it was developed and tested in a sample of baccalaureate nursing students who were young and predominantly White, non-Hispanic (61.8%), and who had a high level of computer knowledge and skills (Yoon et al., 2009) . Because an instrument's reliability and validity scores depend on the characteristics of the sample, the psychometric properties of the SANICS must be assessed in nursing students with diverse educational and demographic backgrounds. In addition, considering the rapidly evolving nature of informatics competencies (Chang, Poynton, Gassert, & Staggers, 2011) , it is essential to validate that the SANICS, which was developed in 2006, refl ects current and pertinent nursing informatics practice.
BACKGROUND

Defi nition of Competency Assessment
Evaluating nursing students' informatics competencies has been of interest since the mid-1980s when computers became available (Grobe, 1988; Peterson & Gerdin-Jelger, 1988 ). In the early 2000s, informatics competencies were defi ned using the Delphi method and were validated for nurses at four levels of practice: beginning, experienced, informatics nurse specialist, and informatics innovator (Staggers et al., 2001 (Staggers et al., , 2002 . These role defi nitions and related competencies were incorporated into the American Nurses Association's (2008) position statement on the scope and standards of nursing informatics practice.
In 2011, the early defi nitions of informatics competencies (Staggers et al., 2002) were updated (Chang et al., 2011) by extending the literature review from 1998 to 2004, abstracting 45 additional items, and adding two new subcategories (evidence-based and information literacy) to the informatics knowledge category. Using a Delphi technique, Chang et al. (2011) tested a list of 323 informatics competencies with nurse administrators and nurse educators in Taiwan and validated 317 (98%) of the original competencies and most of the added competency statements. That study supports the early fi ndings (Staggers et al., 2002) and adds competency statements refl ecting current practice environments. However, these updated competencies need to be validated with nurses in the United States.
Recently, nursing informatics competencies were defi ned by two initiatives: the Technology Informatics Guiding Education Reform (TIGER) initiative (2012a) and the Quality and Safety Education for Nurses (QSEN) project (Cronenwett et al., 2009 ). The TIGER initiative established the TIGER Informatics Competencies Collaborative to formulate a unifi ed vision of nursing informatics as a core competency for all practicing nurses and graduating nursing students. That collaborative identifi ed competency for three categories: basic computer competencies, information literacy, and information management (TIGER Initiative, 2012b) .
The QSEN project was initiated to help nursing faculty address the IOM's recommendations to improve the education of health professionals by emphasizing evidence-based practice, quality improvement approaches, and informatics (Cronenwett et al., 2009) . To overcome the QSEN-perceived barrier of insuffi cient teaching examples for nurse educators, the QSEN project began developing IOM-inspired role defi nitions and competencies, including those for informatics. The QSEN project used the knowledge, skills, and attitudes framework, which is applicable to all levels of nursing. Efforts continue today to enhance the ability of faculty to teach quality and safety competencies, which are based on a collection of specifi c teaching ideas that are available to nursing faculty on the QSEN Web site (QSEN, 2012) .
Informatics Competency Assessment
The standard for articulating, leveling, and measuring informatics competencies today is based on the original work of Staggers et al. (2002) . For example, informatics competency items abstracted from the work of Staggers et al. (2002) were expanded for nurse practitioners by adding competencies relevant to evidence-based practice (Curran, 2003) . In 2005, the original list of informatics competencies (Staggers et al., 2002) was expanded to nursing students to assess the effect of an informatics curriculum on nursing informatics competencies (Desjardins, Cook, Jenkins, & Bakken, 2005) . Items related specifi cally to informatics for evidence-based practice and information literacy were added to the original list of competencies. Similarly, Ornes and Gassert (2007) created a tool based on the original categories of informatics competencies for beginning nurses (Staggers et al., 2002) to evaluate whether nursing informatics competencies were included in a baccalaureate program. In 2009, 43 competency items, based on Staggers et al.'s (2001) articulation of novice nurse competencies, were used to examine graduating baccalaureate nurses' information technology skills (Fetter, 2009 ). However, the psychometric properties of these tools have not been established nor have their validity and reliability been examined and validated. Considering that instrument reliability and validity are critical to study validity (Burns & Grove, 2009) , psychometrically sound measurement tools are needed to assess informatics competencies.
Self-Assessment of Nursing Informatics Competencies Scale
The SANICS (Yoon et al., 2009) was developed based on a set of informatics competency statements for beginning and experienced nurses (Staggers et al., 2001 (Staggers et al., , 2002 , with additional items related to standardized terminologies, evidencebased practice, and wireless communications (Desjardins et al., 2005) . Each item is rated on a 5-point Likert scale from 1 = not competent to 5 = expert. The 30-item SANICS was found by exploratory principal components analysis with oblique promax rotation to have a fi ve-factor structure (Yoon et al., 2009) ). The SANICS responsiveness was supported by signifi cantly higher factor scores following an informatics course. The psychometric properties of the SANICS were examined with a sample of 336 nursing students in the baccalaureate portion of a combined baccalaureate-master's nursing program. The sample was predominantly female (76.8%), aged 20 to 30 years (55.4%). Most (87.1%) respondents used a computer several times a day and had used computers for more than 2 years (98.7%; Yoon et al., 2009) .
This review indicates the increasing need for psychometrically valid and reliable informatics competency assessment tools. Although research has supported the psychometric properties of the SANICS, it was developed and validated in only one group of undergraduate nursing students. To maximize use of the SANICS, it needs to be validated in students with diverse educational and demographic backgrounds, which represent the entire target population. Furthermore, the evolving nature of informatics competencies calls for measurement tools to refl ect the current nursing informatics practice environment. Thus, the purpose of this study was to assess the psychometric properties (factor structure, internal consistency reliability, and responsiveness) of the SANICS among nursing students with diverse educational and demographic backgrounds. We surveyed students enrolled in three undergraduate tracks (traditional baccalaureate, registered nurse to baccalaureate in nursing [RN-to-BSN] 
METHOD Sample
On the basis of recommended practice (Nunnally & Bernstein, 1994; Tabachnick & Fidell, 2006) , we targeted a minimum of 300 participants (10 participants per 30 items). Of 537 nursing students enrolled in three undergraduate tracks (traditional baccalaureate, RN-to-BSN, and accelerated BSN) and two graduate nursing programs (CNL and DNP) at a northeastern state university, 302 participants were surveyed from September to December of 2011.
Procedure
After the university institutional review board approved the study, the fi rst author (J.C.) obtained the distribution lists of students in the undergraduate tracks and graduate programs from the director of each track and program. Student anonymity was preserved by using the university's electronic mailing list for each track and program to contact students about the study.
At the beginning of the semester (September 2011), students were sent e-mails that explained the study and its purpose and introduced the SANICS. The e-mail also contained a link to the Internet survey package, SurveyMonkey ™ , with enhanced security (SSL [https:]), which included the SANICS, demographic questions, and an online consent form. SurveyMonkey was chosen because of its security, usability, and ability, not only to analyze data in real time but to export data directly into SPSS ® statistical software for further analysis. Students' consent to participate was indicated by returning the completed SANICS via the Internet to the SurveyMonkey secure site and checking off the appropriate consent box. In mid-November, the electronic mailing list was used to send reminder e-mails to all students to encourage their participation in the study.
To test for responsiveness of the SANICS, a separate sample of DNP students was recruited from Informatics for Nursing Practice, which is the only informatics course offered at the fi rst author's (J.C.) university, in fall 2011. All 31 DNP students enrolled in this course were recruited. The SANICS was administered twice-in the fi rst and last weeks of the semesterusing the online survey tool embedded in the Blackboard Vista ™ learning-management system. The 14-week online informatics course provided an overview of the current information systems/technology-enabled health care environment, functions of the informatics nurse specialist, and cutting-edge issues in health care informatics that impact the role of the DNP-prepared nurse in various health care settings. Throughout the semester, students participated in two projects-one individual (e.g., health literacy assessment of health-related Web pages) and one group (e.g., development of a proposal for a computerized system for evidence-based clinical practice guidelines). For these projects, students used three online communication boards: (a) chat/whiteboard, (b) discussion board, and (c) Wimba ™ voice discussion board (Wimba, Inc., 2012) . The fi rst board is a synchronous system in which the instructor and students interact in real time. The second board is an asynchronous system in which activities are selfdirected and students have greater freedom to process information and pace their learning and understanding. The third board is a synchronous system to record, post, and share audio messages with others.
Data Analysis
To facilitate comparisons across scales, the mean scores of each subscale and the full scale were calculated for each student respondent. The psychometric properties of the SANICS were evaluated in several ways. First, a principal component analysis with oblique (promax) rotation was selected to examine the factor structure of the SANICS. After reviewing the correlation matrix, communalities, and factor loadings, the promax rotation with Kaiser normalization was chosen because of correlations among factors (Ho, 2006; Tabachnick & Fidell, 2006) .The minimum number of extracted factors required was evaluated using multiple criteria, including Kaiser's eigenvalue greaterthan-one rule, Cattell's scree test, and a factor loading of Ͼ 0.40 on one factor (Nesselroade & Cattell, 1988; Tabachnick & Fidell, 2006) . Items were selected based on of salient loadings, after which the quality of each item within the subscale was assessed regarding its intercorrelation with other items. Itemitem correlations and item-total correlations were examined to determine whether any items had lower correlations with the set of remaining items (Tabachnick & Fidell, 2006) . Second, the internal consistency of the instrument was assessed using Cronbach's alpha for the entire scale and for each subscale. Third, the construct validity of the SANICS was evaluated using a known group approach (Burns & Grove, 2009 ) by comparing the scores of students in undergraduate and graduate programs. We hypothesized that graduate students would score higher on the SANICS than undergraduate students. Differences were examined by independent t tests. Fourth, responsiveness of the SANICS was examined by calculating a standardized response mean (SRM; Husted, Cook, Farewell, & Gladman, 2000) . Responsiveness is an indicator of an instrument's sensitivity to detect score change over time. The SRM has been widely used as an indicator of responsiveness (Bremander et al., 2012; Husted et al., 2000; Kassam, Glozier, Leese, Henderson, & Thornicroft, 2010) . The SRM was calculated as the difference between mean scores before and after taking the informatics course, divided by the standard deviation of the difference (Husted et al., 2000) . Values of 0.20, 0.50, and 0.80 have been proposed to represent small, moderate, and large responsiveness, respectively (Husted et al., 2000) . Differences between scores before and after taking the informatics course were determined by paired t test. SPSS version 19.0 software was used for all analyses.
RESULTS
The initial survey response rate was 49.7% (n = 267). After sending the e-mail reminder, the response rate increased to 56.2% (n = 302). The samples before and after sending the reminder did not differ signifi cantly in demographics and computer use: age 
Sample Characteristics
The majority (171 [56.6%]) of students were in graduate programs; 158 (52.3%) were in DNP and 13 (4.3%) were in CNL. The remaining 131 (43.4%) students were in undergraduate tracks; 78 (25.8%) were in traditional baccalaureate, 32 (10.6%) were in RN-to-BSN, and 21 (7%) were in the accelerated BSN programs. The majority of survey respondents in the RN-to-BSN (24 [75%]) and accelerated BSN (18 [85.7%] ) programs were in their fi rst year of the program. In the traditional baccalaureate program, 24.4%, 26.9%, 28.2%, and 20.5% of respondents were in their fi rst, second, third, and fourth years, respectively.
The sample was mostly female (93.6%), the majority (50.7%) was aged 20 to 30 years. and respondents were racially diverse (White, non-Hispanic = 72%, Black, non-Hispanic = 10.5%, Hispanic/Latino = 6.9%, Asian/Pacifi c Islander = 4 .9%, and Other [includes Native American Indian] = 5.7%). Most (97.2%) respondents used a computer several times per day and most (93.2%) had used computers for more than 2 years. Students' working experience in a fi eld of nursing varied from none (28.0%) to 2 years or less (41.2%) to more than 10 years (32.8%). Detailed participants' characteristics are shown in Table 1 .
SANICS Psychometrics
Overall, students' mean SANICS score was 3.15 (SD = 0.71), indicating competence in informatics as defi ned by a minimum SANICS score of 3. Mean scores ranged from 3.60 (SD = 0.55) for traditional undergraduate students to 3.23 (SD = 0.70) for DNP students.
Factor Structure. We fi rst conducted separate factor analyses for each undergraduate and graduate sample, to examine whether their factor structures differed, and then for the combined sample. The separate factor analyses revealed two similar factor structures with the same fi ve-factor solution and similar factor loadings. Comparison with the combined sample yielded a few differences in factor loadings. For example, the items "use operating systems," "navigate Windows ® ," and "identify the basic components of the computer system" were loaded with smaller factor loadings (0.31, 0.33, and 0.33) in the undergraduate student sample than in the graduate student sample (0.51, 0.75, and 0.59) and in the combined sample (0.41, 0.57, and 0.53). Given that the factor analyses for the undergraduate and graduate student samples were similar, we report only the combined sample factor analysis.
The results of principal component analysis with promax rotation in the combined sample are presented in Table 2 . First, the factorability of correlation matrices was confi rmed. Sampling adequacy was high, as shown by the Kaiser-Meyer-Olkin measure (0.93) and a signifi cant Bartlett's test of sphericity (chi-square = 4974.56, p Ͻ 0.001) (Tabachnick & Fidell, 2006) .
Factor analysis of the 30-item SANICS yielded fi ve factors-basic computer knowledge and skills; applied computer skills: clinical informatics; clinical informatics role; clinical informatics attitudes; and data/information management skills, which accounted for 69.38% of the variance. All 30 items were loaded across fi ve factors, with factor loadings Ͼ 0.4. After factor extraction, communalities had values Ͼ 0.5, with the lowest value (0.52) for the item "use networks to navigate systems." Each subscale had a coherent set of 4 to 11 items ( Table 2) .
The component correlation matrix indicates moderate correlation among subscales, with correlations among the subscales ranging from 0.41 (basic computer knowledge and skills and clinical informatics role and applied computer skills; and clinical informatics attitudes and applied computer skills) to 0.66 (basic computer knowledge and skills and data/information management skills; Table 3) .
Internal Consistency Reliability. The total SANICS and its subscales had high internal consistency reliabilities; the total scale had Cronbach's alpha of 0.96, with Cronbach's alphas for subscales ranging from 0.94 for basic computer knowledge and skills to 0.84 for data/information management skills. Table 4 shows comparisons of Cronbach's alphas with those of the original study (Yoon et al., 2009) .
Construct Validity Using a Known Group Approach. The total mean SANICS score for graduate students (mean = 3.23, SD = 0.69) was signifi cantly higher than for undergraduate students (mean = 3.00, SD = 0.72; t = 2.50, p = 0.01). For mean subscale SANICS scores, graduate students scored higher than undergraduate students on all fi ve subscales, but the differences were signifi cant only on three subscales: applied computer skills: clinical informatics (t = 1.97, p = 0.04), clinical informatics attitudes (t = 4.07, p Ͻ 0.001), and clinical informatics role (t = 5.23, p < 0.001).
Responsiveness. The responsiveness of the SANICS was measured by its SRM for 31 DNP students who took the informatics course. The SRM for the total SANICS was large (0.99), indicating the SANICS is responsive. The SRMs for all fi ve subscales were moderate to large: 0.67 for clinical informatics attitudes, 0.92 for data/information management skills, 0.96 for clinical informatics role, 1.00 for applied computer skills, and 1.14 for basic computer knowledge and skills.
Responsiveness was also indicated by a signifi cant improvement in DNP students' SANICS scores after taking the informat-ics course (paired t(30) = 9.26, p Ͻ 0.001) when the entire scale was considered. This improvement was also significant for all subscales (paired t test = 8.36 for clinical informatics role, 9.30 for basic computer knowledge and skills, 7.19 for applied computer skills, 4.46 for clinical informatics attitudes, and 7.16 for data/information management skills; p Ͻ 0.001 for all subscales).
DISCUSSION
Our study fi ndings show that the SANICS is a psychometrically sound instrument for nursing students with diverse demographic and educational backgrounds. The exploratory principal component analysis with promax rotation revealed a reliable and valid fi ve-factor structure with high internal consistency reliabilities and good responsiveness for all fi ve subscales and the entire scale. Construct validity that was determined by using a known group approach was supported by signifi cantly higher mean scores on the total SANICS and its three subscales for graduate students than for undergraduate students.
We also found moderate intercorrelations between subscales, ranging from 0.41 (basic computer knowledge and skills and clinical informatics role and applied computer skills; and clinical informatics attitudes and applied computer skills) to 0.66 (basic computer knowledge and skills and data/information management skills). Our fi ndings are consistent with the original fi ndings of moderate to high correlations between subscales (Yoon et al., 2009) .
The SANICS fi ve-factor structure found in this study is similar to that reported for the original study (Yoon et al., 2009) . Items loaded similarly across the fi ve factors, but four items had slightly different loadings. The item, use networks to navigate systems, loaded on the factor applied computer skills: clinical informatics; however, this item loaded on the basic computer knowledge and skills factor in the original study. This difference may refl ect, in part, participants' different perceptions of using networks to navigate systems. Our study participants were older (49.3% were Ͼ 30 years) and were less competent in computer knowledge and skills (mean SANICS score = 3.56) than participants in the original study (11.3% were Ͼ 30 years, mean SANICS score = 3.81; Yoon et al., 2009 ). Our older, less computer-competent students might have perceived using networks as an applied computer skill, rather than a basic computer skill. Differences were also found in the factor data/information management skills and its item loadings. In our study, fi ve items were loaded on this factor: use wireless device to locate and download resources for patient safety and quality care, use wireless device to enter data, communicate with other systems (e.g., access data, upload, download) using different options for connecting to the Internet (phone line, mobile phone, cable, wireless, satellite), use database management program to develop a simple database and/or table, and use database applications to enter and retrieve information ( Table 2 ). In the original study Communicate with other systems (e.g., access data, upload, download) using diff erent options for connecting to the Internet (phone line, mobile phone, cable, wireless, satellite) 0.60 (Yoon et al., 2009) , the last three items were loaded on basic computer knowledge and skills. The different fi ndings may refl ect, in part, the different time periods of data collection. Since the original study conducted in 2006, wireless devices have become so common that currently there may be no distinction between wired versus wireless skills. Thus, our fi ndings suggest a new factor of data-management or information-management skills (e.g., access, upload, download) using wireless or wired devices, refl ecting current informatics practice. Further studies are necessary to investigate the factor data/information management skills and its item loadings. The study fi ndings indicate that standard deviations of the mean SANICS scores have a small range (from 0.76 to 0.92), indicating that scores are homogeneous and that students in both programs responded similarly in informatics competencies, despite their diverse educational background. Future research is suggested to examine whether informatics competencies differ among the different programs.
Finally, we note one fi nding regarding the applicability of the SANICS across student populations. Our initial separate factor analyses in the undergraduate and graduate student samples show similar fi ve-factor structures, except for a few differences in item loadings compared with the combined sample. These fi ndings may support the applicability of the SANICS across undergraduate and graduate students. However, sample sizes in these analyses were smaller than the minimum number needed for factor analysis (10 participants per 30 items), especially for the undergraduate student sample (n = 109); thus, further research is needed with a larger sample.
LIMITATIONS AND FUTURE RESEARCH
This study had several limitations. First, the participants were volunteers, and the response rate was 56.3%, which increases the potential for nonresponse bias. Second, respondents and nonrespondents might have differed in their perceptions of nursing informatics competencies. Unfortunately, we could not compare their characteristics because we used the electronic mailing list, rather than individual e-mail addresses for data collection. Third, all respondents were recruited from one northeastern state university, which may limit the generalizability of the fi ndings. Fourth, informatics competencies were measured by self-report, rather than respondents' actual informatics knowledge and skills. The students' actual informatics competencies might have been lower due to the tendency to show only one's desirable aspects. Indeed, nursing students in one study rated themselves higher on computer skills than their actual performance (Elder & Koehn, 2009 ). This bias might have overestimated some of the validity and reliability coeffi cients, the effect size, and paired t test coeffi cients. Therefore, further studies are suggested on informatics knowledge and skills, with direct measures of respondents' informatics competencies. Finally, although the study sample was more diverse in demographics than the original study, there was a difference in ethnic diversity, which might have led to similar fi ndings in factor structure with the original study. Further studies are necessary with a more ethnically diverse sample population.
CONCLUSION
Given the demands of an increasingly electronic health care environment, the nursing workforce must be adequately prepared to use such health care information technologies. To ensure that all nurse graduates are fully prepared to use electronic technologies to support patient care, it is essential to assess informatics competencies using valid instruments. Our study results indicate that the SANICS is valid and is internally consistent in nursing students with diverse educational and demographic backgrounds. The high responsiveness of the SANICS indicates its strong ability to detect signifi cant changes in informatics competencies. Further research is needed to investigate the data/information management skills and its related item loadings to make this tool more refl ective of current informatics practice. For nurse educators and instructors, the next step suggested by this study is to embrace the assessment of informatics competencies and develop educational strategies that prepare nursing students as informatics-competent graduates in information technology-rich environments.
